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Abstract: With CALPHAD(calculation of phase diagrams) method, the solidification paths of several Al-rich Al-Mg-Er alloys were 
calculated with Scheil—Gulliver model in the Thermo-calc software. And the amounts of several phases formed during solidification 
were also calculated. Synchronously, the heat-treatment temperatures of the same alloys were predicted by thermodynamic 
calculation. The calculated results show that by adding 0.4%Er (mass fraction), the strength effect of Er in Al-Mg alloy is better. This 
result is in agreement with the experimental investigations. 
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1 Introduction 
 

The effect of rare earths elements on the aluminum 
alloy is evident for their special electronic structure, 
because of their large atomic radius and tendency to lose 
two outermost level s-electrons and a 5d or 4f electron to 
become trivalent ion, and this has attracted attentions of 
many scientists. Rare earths elements are apt to react 
with aluminum to form refractory compounds, which are 
dispersed in the alloys and play the role of grain refining, 
and thus improve the corrosive resistance properties and 
the electric conductivity[1]. Recently researches have 
found that Er is a favorable alloying element in 
aluminum alloys, especially in Al-Mg and Al-Cu alloys. 
With increasing content of Er, the as-cast grains are 
refined, the thermal stability is improved, and the 
hardness and the strength are increased as well[2−8]. The 
reason of the above good properties is that the main 
existing form of Er in aluminum alloy is Al3Er, which is 
characterized as higher melting-point and good stability 
for its special structure. Just as Al3Sc and Al3Zr, it 
belongs to cubic system and Pm3m space group and 
coherent or semi-coherent with the Al matrix. 
Solidification phenomena play an important role in many 
processes used in fields ranging from production 
engineering to solid-state physics, especially in casting 
aluminum alloys. 

The purpose of this study is to simulate the 
solidification processes of Al-Mg-Er alloys with 
CALPHAD(calculation of phase diagrams) method. And 
the amounts of several phases formed during 
solidification are also calculated. 
 
2 Model calculation 
 

The simplest model for describing the solidification 
behavior of alloys was proposed by SCHEIL[9]. The 
assumptions of the SCHEIL model are as follows: 1) 
diffusion in the solid is negligible; 2) local equilibrium 
maintains at the solid-liquid interface and the curvature 
effect at the interface is neglected; 3) uniform liquid 
composition; 4) equal solid and liquid densities. 

Assuming linear liquidus and solidus lines, the 
composition of solid(cs) under solidification can be 
described as[10]: 
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where  k is the partition coefficient, c0 is the 
composition of original liquid alloy, fs is the fraction of 
solid transformed, and α is a solid-state back-diffusion 
parameter: 
 

sD∝α                                      (2) 
 

When Ds=0 (no solid-state diffusion), α=0. That is 
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Eqn.(3) is SCHEIL’s equation. 
When c parameter is replaced by T, Eqn.(3) can be 

rewritten as[11] 
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where  TL and Tf are the equilibrium liquidus and 
solidus temperatures. 

The solidification paths of some alloys are predicted 
with SCHEIL model in the Thermo-calc software. The 
α(FCC) phase will be formed from liquid at first when 
the Al-rich alloys solidify, then the Al3Er, τ(TAO) and 
Al3Mg2 phase form. The thermodynamic description of 
these phases is cited from the work of CACCIAMANI et 
al[12]. Combining Eqn.(4) with the above thermo- 
dynamic description, the solidification path and the 
phase fraction can be calculated. 

 
3 Results and discussion 
 
3.1 Solidification microstructure 

The solidification microstructure of Al-5%Mg- 
0.4%Er alloy was examined by YU et al[10], and     
the results are shown in Fig.1(a). The impure phase is 

supposed to be AlFeSi phase because the elements Fe 
and Si are the normal impure elements. 

With the SCHEIL model in the Thermo-calc 
software, the solidification microstructure was calculated, 
as shown in Fig.1(b). Also the fraction of each phase is 
calculated and shown in Figs.1(c) and (d). From the 
calculated results, four phases (FCC, Al3Er, Al3Mg2 and 
τ phase) are formed in the end of solidification. The 
calculated results are in agreement with the experiment 
except the τ phase. Although the τ phase exists in our 
calculation, its phase fraction is much less than that of 
other phases. Thus it is hard to determine τ phase in the 
experiment. The microstructures of other alloys 
including Al-5%Mg-0.1%Er and Al-5%Mg-0.7%Er were 
also investigated by YU et al[13]. And XING et al[14] 
investigated the microstructures of the Al-4.5Mg-0.4Er 
alloy. Their results are shown in Fig.2. Similar to the 
Al-5Mg-0.4%Er alloys, we conducted the phase fraction 
calculation with SCHEIL model in the Thermo-calc 
software, and the results are shown in Fig.3. Comparing 
Fig.2 with Fig.3, it is found that there is good agreement 
between the calculated and experimental results. 

From Figs.1(d), 2(a) and 2(b), we find that the 
Al-5Mg-0.4Er alloy has the higher Al3Er phase fraction 
among these three alloys. So the Al-5Mg-0.4Er alloy has 
better strength property according to our calculation.  

 

 
Fig.1 XRD pattern (a), calculated solidification (b) and calculated phase fraction (c, d) of Al-5%Mg-0.4%Er alloy 
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Fig.2 XRD results of some Al-Mg-Er alloys: (a) Al-5Mg-0.1Er; 
(b) Al-5Mg-0.7Er; (c) Al-4.5Mg-0.4Er 
 
This result is in good agreement with the work of YANG 
[15]. 
 
3.2 Solidification path 

The solidification of Al-5Mg-0.1Er alloys was 
simulated by SCHEIL model, and the calculated 
solidification path is shown in Fig.4(a). The change of 
mole fraction of Er and Mg in liquid during the 
solidification is shown in Fig.4(b). 

From Fig.4(b), it is found that the mole fraction of 
Mg increases in the process of solidification, but the 
mole fraction of Er first increases and then decreases. It 
can be concluded that some compounds in the Al-Er  

 

 

Fig.3 Calculated phase fractions of some Al-Mg-Er alloys:   
(a) Al-5Mg-0.1Er; (b) Al-5Mg-0.7Er; (c) Al-4.5Mg-0.4Er 
 
system but no Al-Mg or Mg-Er compounds will form in 
the early stage of solidification, but Al3Mg2 phase forms 
in the end of solidification. 

The solidification paths of Al-5Mg-0.4Er, Al-5Mg- 
0.7Er and Al-4.5Mg-0.4Er alloys are similar to that of 
Al-5Mg-0.1Er. The calculated results of these alloys are 
shown in Figs.5−7. 
 
3.3 Heat-treatment temperature 

In Al-Mg-Er alloys, the amount of Al3Er is very 
important to the properties of these alloys. So how to 
gain the highest amount of Al3Er from heat treatment 
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Fig.4 Solidification path of Al-5Mg-0.1Er alloy 

 
Fig.5 Solidification path of Al-5Mg-0.4Er alloy 

 

Fig.6 Solidification path of Al-5Mg-0.7Er alloy 

 

Fig.7 Solidification path of Al-4.5Mg-0.4Er alloy 
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will be a main problem to the material scientist. We use 
the thermodynamic database of Al-Mg-Er system to 
predict the heat-treatment temperatures of some Al-rich 
alloys. 

Fig.8 shows the calculated phase fraction of 
Al-5Mg-0.1Er alloy. In order to achieve better strength 
property, the phase fraction of Al3Er should be as high as 
possible and other compounds as little as possible. Based 
on this reason, the heat-treatment temperature had better 
to be between 348 and 576 ℃ from Fig.8. The heat 
treatment temperature of other alloys can be predicted as 
the same way. The calculated results are listed in Table 
1. 
 

 
Fig.8 Calculated phase fraction of Al-5Mg-0.1Er alloy 
 
Table 1 Predicted heat treatment temperatures of Al-rich alloys 

Alloy 
Predicted heat treatment 

temperature/ ℃ 
Al-5Mg-0.1Er 348−576 

Al-5Mg-0.4Er 348−590 

Al-5Mg-0.7Er 350−575 

Al-4.5Mg-0.4Er 352−569 

 
4 Conclusions 
 

1) The solidification path and microstructure during 
solidification of Al-Mg-Er alloys are calculated by 
CALPHAD with SCHEIL model. 

2) From the calculation results, Al-5Mg-0.4Er alloy 
has higher Al3Er phase fraction and has better strength. 

3) The heat-treatment temperatures of some alloys 
are predicted by thermodynamic calculation. According 
to this calculated results, we can choose suitable 
heat-treatment methods. 
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